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Cross Referenc e to Related A pplications 
™ S application is a continuation of U.S. Application No. 09/110,381. filedJuly 1 19 98 
wh,ch, s a continuation-in-part of U.S. Application No. 08/887,994, filed July 3, 1997. ' ' 

Backgrou nd of the Invention 

The present invention is directed to biodegradable carriers for the delivery of therapeutic 
agents, methods of making the carriers and methods of using the carriers. 
0 There is a clinical demand for carriers of therapeutic agents that are biodegradable 

b.ocompatible and which a.low for targeted delivery and controlled release of the therapeutic 
agent. ^ 

Polysaccharides, such as hyaluronic acid (HA) and dextran sulfate have been used in a 
w.de variety of biomaterials. Hya.uronic acid (HA), a naturally occurring polysaccharide, has 
• been used m matrix engineering in ophthalmic and orthopedic medicine. Clinical indications for 
HA alone are limited by its physical properties and the short residence time of the natural HA 
molecule. A formaldehyde cross-linked HA, Hylan, has been used in ^supplementation of 
arthntxc diseased joints (Takigami et al., 1993, Carbohydrate Polymers 22: 153-160) Dextran 
sulfate, a glycosaminoglycan-like polyionic derivative of dextran, has been shown to be useful as 
a b.omaterial and drug for treatment of hyperlipemia. It is produced by esterification of 
dextran, a hydrophilic polymer of glucose synthesized by certain strains of bacteria 
Berg et al., (United States Patent No. 5510418, issued April 4, 1996) disclose 
glycosaminoglycans, such as, HA, chondroitin sulfates, keratan sulfates, chitin and heparin 
chem IC ally conjugated to a synthetic hydrophilic polymer, such as polyethylene glycol (PEG) 
that are used as injectable formulations or solid implants. Koji Kimata et al., (United States 
Patent No. 5464942 1S sued November 7, 1 995) disclose phospholipid linked glycosaminoglycans 
and the lr use as metastasis inhibitors. Sakurai, et al, United States Patent No. 5,310,881 issued 
May 10, 1994, disclose glycosaminoglycan-modified proteins. Balazs et al., United States Patent 
No. 5,128,326 issued July 7, 1992, disclose hyaluronan cross-linked with divinyl sulfone 
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Summary of the Invention 

The present invention provides biodegradable carriers for the delivery of therapeutic 
agents, methods of making the carriers and methods of using the carriers. 

A biodegradable carrier of the present invention comprises a cross-linked first and second 
polysaccharide, wherein each of the first and the second polysaccharide is a derivative of a 
member selected from the group consisting of hyaluronic acid, dextran, dextran sulfate 
chondroma sulfate, dermatan sulfate, keratan sulfate, heparin, heparan sulfate and alginate The 
first polysaccharide contains aldehyde groups derived from oxidized sugar rings. The second 
polysaccharide an amine derivative and the first and second polysaccharides are covalently 
cross-hnked through these groups which forms imine linkages. In the present invention the 
cross-hnkmg reaction proceeds without utilizing extraneous cross-linking or ionic binding 
agents. 

The method of making the biodegradable carriers comprises the steps of oxidizing a first 
polysaccharide to form a first polysaccharide derivative having aldehyde groups, and reacting the 
first polysaccharide derivative with a second polysaccharide amine derivative under conditions 
such that the aldehyde groups covalently react with the amine sites to form a cross linked carrier 
The present invention also provides methods of using the carrier to deliver 
therapeutic agents by administering the carrier at the sites of desired therapeutic 
intervention. 

The ratios of the first and second polysaccharide can be varied to change both the 
physical and biological properties of the carrier. For example, a higher ratio of aldehyde 
beanng polysaccharide would be preferred for immobilizing a therapeutic agent to the 
carrier. The presence of unreacted but active aldehydes provides sites for covalent 
linkage to a therapeutic agent. 

A carrier of the present invention can be produced in a variety of physical forms. 
For example, it can be made into a gel-like form for injection or a sponge-like form for 
implantation at a desired site of therapeutic intervention. 
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A carrier of the present invention provides the advantage of being biocompatible 
while maintaining a prolonged biodegradation rate due to the cross-linking; providing 
controlled release of the therapeutic agent and having the flexibility of formulation in gel- 
like or sponge-like form to accommodate desired therapeutic intervention. 

As used herein therapeutic agent means any bioactive agent, such as a protein, 
polypeptide, or amino acid, including growth factors, growth factor receptors, cytokines 
hormones, antibodies or chemical agents, such as, for example, non-peptide hormones ' 
chemical mimetics of growth factors and receptors that have been shown to have a 
biological effect. 

Brief Description of the Drawings 

Fig. 1 illustrates the release of crystal violet encapsulating within a carrier of the 
present invention. 

Fig. 2 illustrates the release of FITC-BSA immobilized within a carrier of the 
present invention. 

Description of t he Preferred Embodiments 

The method of preparing a carrier of the present invention comprises the steps of 
opening sugar rings on a first polysaccharide and oxidizing terminal hydroxy groups to 
aldehydes using, for example, sodium or potassium periodate as a selective oxidizing 
agent. The amount of aldehyde groups produced in this manner can be stoichiometrically 
controlled. Typically, from about 1% to 50% of the rings can be opened in this manner. 
More preferably about 1% to 10% of the repeat sugar units are opened to form aldehyde 
groups. These aldehyde groups can form covalent imine crosslinks with the second 
polysaccharide amine derivative at amine sites. The reagents for opening sugar rings on 
the first polysaccharide may be any selective oxidizing agent which oxidizes a terminal 
hydroxyl group to an aldehyde, including specific sugar oxidases. 
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In the present invention the first and second polysaccharides are each selected 
from the group consisting of hyaluronic acid, dextran, dextran sulfate, chondroitin 
sulfate, dermatan sulfate, keratan sulfate, heparin, heparan sulfate and alginate. In a 
preferred embodiment, the first and second polysaccharides are each selected from the 
group consisting of hyaluronic acid and chondroitin sulfate. As used herein, the term 
polysaccharide includes the polysaccharide and its salts such as the sodium, potassium, 
magnesium, calcium, and the like, salts. Preferred forms of starting material of the 
polysaccharides include those which have been approved for human use. The starting 
material for hyaluronate can be derived by bacterial fermentation or through isolation 
from rooster combs or can be obtained from commercial sources. 

The carrier may be comprised of the same or different first and second 
polysaccharides. In one preferred embodiment, the first and second polysaccharide are 
both hyaluronic acid. In another preferred embodiment, one polysaccharide is HA and 
the other is chondroitin sulfate. Typically, the polysaccharides will have an average 
molecular weight of about 1 ,000 to 1 0,000,000 DA. 

A carrier of the present invention may be formulated in several physical forms, 
including gel-like or sponge-like forms. When it is desirable to obtain sustained or slow 
release delivery of the therapeutic agent, the agents may be immobilized by attachment to 
the carrier. A carrier gel, sponge, or microparticle preparation can be prepared by using a 
polysaccharide polyaldehyde derivative in excess, resulting in a carrier having unreacted, 
while still active aldehydes which are suitable for the immobilization of free amine 
containing bioactive therapeutic agents. Proteins and many growth factors are free 
amine-containing compounds. 

Where it is desirable to achieve short-term delivery of a therapeutic agent, the 
agent may be entrapped within the carrier. Drugs, growth factors, polypeptides, proteins, 
and other bioactive therapeutic agents can be entrapped within the gel/sponge either by 
mixing the agent with one of the two derivatives before gelatinization, or diffusion from a 
drug solution into the gel/sponge after their formation. 

4 
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The agent may also be covalently linked to the carrier, for example, via an imine 
bond. Some of the aldehyde groups on the carrier, prior to forming a gel or sponge, may 
be reacted with amine groups on the agent. 

The carrier may be formulated into a gel-like carrier when it is desirable to 
produce an injectable formulation, which can be delivered arthroscopically, or by syringe 
or catheter. Alternatively, the carrier may be formulated into a sponge-like carrier when 
it is desirable to produce an implantable formulation. The carriers of the present invention 
may be formed into any shape by lyophilization or air drying in molds of the desired 
shape. The lyophilized material may also be formed into a viscous gel by rehydrating the 
lyophilized material. 

Examples of therapeutic agents which may be used in the present invention are 
not particularly restricted and include proteins originating from various animals including 
humans, microorganisms and plants as well as those produced by chemical synthesis and 
using genetic engineering techniques. Therapeutic agents include, but are not limited to, 
growth factors such as, bFGF, aFGF, EGF (epidermal growth factor), PDGF (platelet- 
derived growth factor), IGF (insulin-like growth factor), TGF-p 1 through 3, including 
the TGF-p superfamily (BMP's, GDF-5, ADMP-1 and dpp); cytokines, such as various 
interferons, including interferon-alpha, -beta and -gamma, and interleukin-2 and -3; 
hormones, such as, insulin, growth hormone-releasing factor and calcitonin; non-peptide 
hormones; antibiotics; anti-cancer agents and chemical agents, such as, chemical 
mimetics of growth factors or growth factor receptors, and DNA constructs, including 
cDNA constructs and genomic constructs). In a preferred embodiment, the therapeutic 
agents include those factors, proteinaceous or otherwise, which are found to play a role in 
the induction or conduction of growth of bone, ligaments, cartilage or other tissues 
associated with bone or joints, such as for example, BMP and bFGF. The present 
invention also encompasses the use of autologous or allogeneic cells encapsulated within 
the carrier. The autologous cells may be those naturally occurring in the donor or cells 
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that have been recombinant* modified to contain nucleic acid encoding desired protein 
products 



As will be understood by those of skill in the art, the amount of therapeutic agent 
to be immobilized or encapsulated within the carrier will vary depending upon the 
intended therapeutic target, but will usually be in the range of picogram to gram 
quantities. 

A carrier of the present invention may be administered through implantation 
direct application or injection depending on the intended therapeutic application, the' 
physical properties and the ratio of polysaccharide derivatives. 

The efficacy of therapeutic delivery of such agents can be shown by both in vitro 
and in vivo tests known by those of ordinary skill in the art. In the present invention the 
preferred therapeutic agents are those factors which are found to play a role in the 
induction or conduction of growth of bone, ligaments, soft tissue, cartilage or other 
tissues associated with bone or joints. 

In vitro and in vivo assays for the assessment of chondroinduction, 
chondroconduction, osteoinduction and osteoconduction are known by those of ordinary 
skill in the art. For the in vitro tests, primary fetal rat calvarial cells, harvested by a series 
of collagenase digestions, according to the method of Wong and Cohn (PNAS USA 
72:3167-3171, 1975), or primary rat epiphyseal cartilage Thyberg and Moskalewski 
(Cell Tissue Res. 204:77-94, 1979) or rabbit articular chondrocytes, harvested by the 
method of Blein-Sella O. et al., (Methods Mol. Biol., 43:169-175, 1995), are seeded into 
the earners containing desired agents and cultured under conventional conditions for 1-4 
weeks. Cultures are then processed and evaluated histologically. 

The chondroconductive or chondroinductive capability of a carrier of the present 
invention containing a desired therapeutic agent can be determined by successful support 
of adhesion, migration, proliferation and differentiation of primary rat bone marrow and 
stromal cells as well as primary rat or rabbit chondrocytes. Bone marrow and bone 
marrow stromal cells are the source of chondroprogenitor cells found in the subchondral 
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bone mairow of full-thickness defects. Bone marrow can be harvested from the long 
bones of 2-3 week-old inbred Lewis rats and can be added directly to a carrier or cultured 
for 2 weeks under standard conditions. The adherent stromal cell population that grows 
out of these cultures is packaged and frozen for use. Cells from up to six passages are 
used for culturing or seeding on the carrier to test for chondroconductive or 
chondroinductive capabilities. 

Retinoic acid-treated chondrocytes represent a less mature chondrocyte and can 
be used to test the ability of matrices to support later stages of chondrogenesis. Retinoic 
acid treatment of primary chondrocytes is performed prior to culturing or seeding the 
cells on a carrier (Dietz, U. et al., 1993, J. Cell Biol. 52(l):57-68). 

Cell adhesion and proliferation are monitored using an MTS assay that can 
measure cell number and viability based on mitochondrial activity. Stromal cells or 
chondrocytes are cultured on a carrier containing a therapeutic agent for 6-18 hours in the 
presence or absence of serum for adhesion analysis and for 1-2 weeks for proliferation 



assessment. 



For cell migration testing, carriers containing therapeutic agents are coated or 
fitted onto porous Trans-well membrane culture inserts (Corning). Stromal cells are 
seeded on top of the carrier in the upper chamber of the Trans-well and a chemoattractant 
(growth factor, PDGF) is placed in the bottom chamber. After 12-18 hours of culture the . 
cells that have migrated through the carrier to the bottom side of the Trans-well 
membrane are quantitated by the MTS assay. The carrier is removed from the upper 
chamber and processed histologically to assess the degree of infiltration. 

The analysis of differentiation markers relevant to chondrogenesis and 
osteogenesis are evaluated at both the protein and transcriptional level. The specific 
markers that may be analyzed include: 1) Type II collagen and IIA, IIB isoforms; 2) 
Aggrecan proteoglycan; 3) Type IX, X and XI collagen; 4) Type I collagen; 5) Cartilage 
matrix protein (CMP); 6) Cart- 1 transcription factor; 7) Fibronectin (EDA, EDB 
isoforms); 8) Decorin proteoglycan; 9) Link protein; 10) NG-2 proteoglycan; 1 1) 
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Biglycan proteoglycan; 12) Alkaline phosphatase. Differentiation may be measured by 
Northern/PCR analysis, Western blotting or by metabolic cell labeling 

For Northern/PCR analysis, RNA is isolated by standard procedures from stromal 
cells or chondrocytes. Time course tests may be used to determine optimal culture 
penods that range from 1 to 6 weeks depending on the cell type. The isolated RNA is 
analyzed by Northern gel and hybridization techniques with specific cDNA or PGR 
amplified probes. Northern analysis is quantified by densitometry scanning of 
autoradmgraphs and normalization to housekeeping gene signals (G3PDH) Northern 
analysis may be supplemented with quantitative PGR analysis using primers generated 
from the published cDNA sequences of the genes to be analyzed. 

For Western blotting, solubilized protein lysates are isolated from cells cultured 
on earners containing osteogenic or chondrogenic agents by standard techniques (Spiro 
R-Cetal., 1991, J. Cell. Biol., 115:1463-1473). After the lysis of cells the carrier is 
extracted m stronger denaturants (8 M urea, GnHCL) to remove and examine bound or 
incorporated proteins. Protein samples are analyzed by standard Western blotting 
techniques using specific polyclonal or monoclonal antibodies. 

For metabolic cell labeling, cells cultured on a carrier containing a therapeutic 
agent are metabolically radiolabeled with 35 S q 4 , 35 s . m ethionine or 3h/1 ^-labeled 
amino acids by standard techniques (Spiro et al., supra). Solubilized cellular and matrix- 
associated proteins are quantitatively immunoprecipitated with antibodies specific for the 
protein of interest and analyzed by SDS-PAGE (Spiro et al., supra). Quantitation of 
results are performed by densitometry scanning of autoradiographs and signals will be 
normalized to either cell equivalents or to a house-keeping protein such as actin. 

Additionally, the ability of a carrier of the present invention containing a 
chrondrogenic agent to support chondrogeneic differentiation in vivo may be tested in an 
mbred rat soft tissue implant model. Rat bone marrow or stromal cells described above 
are seeded onto the carrier at high density, cultured overnight in MEM medium 
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con, ing ,o % FBS serrnn and antibiotics, then transfOTed jMo 

cZr a : mp,an,ed in,ra ~^ - ly int0 8 week . old recip nts 



20 



25 



' A transplantation mode, in outbred rata is used ,o evaluate the ability nf the carter 

on, tn chondrogenjc agem (o ^ ^ a™ 

;„tr ; ,°; °r s " e seeded on, ° ,he ^ * ^ - ~ 

" ":' !CO *° 8 '"-—andannbionea. The seeded carters are , hen 

LIT POSttn ° r ' ibia ' mUSC ' e P ° UChK ° reated by W - in S weeK-old 

nra e Sprague D aw,e y rata. Exp.ants are taxen a, ,4 and 28 days and eva.uated 

n 17 h f : COmPatib " ity ' ^ - of - differentiated 

phenotype baaed on staining for aggrecan and type n collagen 

For the ,„ v,Vo tests, a carter of the present invention containing an osteogenic 
agen may be evaiuated for the capabihties for supporting osseous hen,,' g in a rat I ia , 
defectum by i rap ,a„ta,io„ into l5 » b , 3nn defect crea(ed jn ^ ' ~ 
6 v,ee K s o,d mate Sprague-Dawley rata. The defects are eva,ua,ed a, 28 days by 
radiographic and histologic analysis. 

The in vivo model for cartilage repair is a fuH-thickness articular cartilage defect 
» *e rabbi, (Arai e, e, a,., I985 , , Bone , oin , Surg . 6?A:9 , „ ^ » ^> 

approximately 3.7 mm in diame,er and 5 mm deep defee, are created in the center of , he 
med,a, femora, condy,es of adnl, male New Zea,and wh„e rabbi,, The defects are 2l 
e.ther tilled w„h carter comaining a chondrogenic agen, or teft affiled as co„,ro,s The 
defers areevaluated mmpho.ogically and bis,o,o g ica„y a, o and 12 weets and then a, 6 
months and one year. 

Thefo,lowi "g^ 

intended to limit the invention in any way. 
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Example J 

Preparation ofHajuronate^mine Derivative 
Free amine groups were indeed t0 hyaluronate (H A>(Lifecore 
having a molecular weighc of I 3 x 10 6 ) hv ,h. ~ .• , L oiomeoical 
.,. , " 10 ' b y' ne taction of hyaluronate with 

ethylenediamine in the presence of water soluble earhodiimide 1 .(3- 

dimemylaminopropy,) -3-ethycarbodiimimide hydrochloride (EDC) Diamine 
compounds and EDC (Aldrich, in extreme excess are required 

6 7 , "r A V 8ramS <ab ° U ' ' mm °' e ° f rePei " Uni ' S > <" 100 p Bo (10mM pH 7) and 
« rela of ethylenediamine (,00 mmole, „e rc combined fo.iowed by adjusting L 
so n ton to P H 5.0 using HCI. 4.02 grams of EDC (21 0mn,o,e, was dd d to the solution 
n the reaction was aUowed to Proc eed at roo m temperature for 24 bours 
dtalyzed agams, 4 liters of deionized water 4 time, for a tota, of 24 hours, tbeteby 



Example II 

Preparation of Polvsaccharide-P n , y .,j ehvde n m „,„.„„ 
HA/polyaldebyde ,HA- P Ald) was prepared by the oxidation of byalunonate using 
sodtum pertodate as an oxidize, HA > gram was disso.ved in SO ml deionized w^7 
which was added 20 m, of 0.5 M sodium periods Aner reaction a, room temped 
■n the absence of Iight for 18 homs , glycero , „ ^ ^ ^ 

penodate, and dialized against a large vo,ume of deionized water. The dialized HA-pAId 
so u„ on was lyophilized and the resulting „ hite powder was s[ored jn ^ dark £ f 
Under this condition, about 5% of the repeat units m HA were oxidized The 
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concentration of active a,dehyde in the macromolecu.ar chain is controlled by changing 
the ox.dahon conditions, for exa mp le, the reaction ti me and a m ount 

ore TuZ 3,dehyde gr ° UPS Canying Ch ° ndr0ltin SU,fate (Sig-aXCS-pAld) were 
prepared by the same method as above. 

Example IIT 
Preparation of HA _nh 2 / HA-p AIH r^i 

de,on,zed water separate*. Each of*, anions conned ,00 nucto.no.es of J£ 
8 roup, The rwo solutions were mjxed „ roQm temperaturc ^ ^uve 

Example IV 
Preparation of H A-NH2 / HA-nAlH^ ^ 
The HA-NH2 / HA-pAld ge, prepared as in Example III was frozen at -78C and 



Example V 
Preparation o f HA-NH2 / PS-p A^ 
The HA-NH2 /CS-pAidge! and sponge were prepared by lhe methods disc]ose<f 
« E X amp,e m and IV ahove except for ,he substitution of CS-pA,d for HA-pAid 
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Example VT 

P reparation of HA -MTf? / H a n AMr • TT • 

2.0 m,a of crysta. vole. sohttion 0%S^Z^^^~ a ~ 

water containing 0.2g HA-NH, (free amine content, ,00 micromole) Tnl f 7 
mixed with 25 mis of ha «am , • micromole). The solution was 

nm. The release curve is shown in Figure 1 . 



.Example VTT 
Preparatjon of RA^[H2 / HA nAi.i n . • TT . 

Albumin, bovine-fluorescein isothiocyanate (FITC-BSA Si™ ^ Z * 

model for therapeutic protein, 10 mgs of FITC BSA n 2 * ~ " 3 

pHH.h^ot , , ^ UC " BSAin2m, sofdeionizedwaterwas 

™ 1 e t ?" PAW SOU " i0n (HA - PAW ~ * ~ >«0 

~ 0 "H A s r on ; ncuba,ed at room ,e ~ f ° r 20 - «*- 

wun zo mis of HA-NH 2 solution (HA-NH, content n 9 

, , „ 2 content ' °-2 g; free amine content 100 

ZTT ; by incuba,ion at room te ~ «- - 20 in L 

The ge, thus formed was incubated in 500 ml of deionized „* a, room temped 
Themcubat.on medium was replaced a. time points 1 2 4 6 8 24 48 h ! 
two days thereafter for two weeks. The re.eaae ofFITCBSA b 7' 
was determined by measuring the O D at «T ""^^ ' nCuba,i °" 
theFITrR^ , „ ,heO D a '495m„. As shown in Figure 2, about 12% of 

e FITC-BSA reieaaed from me carrier in the firs, two houra; after thar time no 
stgntftcan, amount of protein couid be found, indicating that the remaining pr „ ein was 
covalently immobilized in the gel. 
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Example VIII 
Incorporation of Growth Factor Into Matrices 

Basic fibroblast growth factor (bFGF) was incorporated into HA gels either by 
addition to HA(I) (prepared as in Example I) solution following mixing with HA(II) 
(prepared as in Example II) or by incubation of bFGF with HA(II) solution at 4C 
overnight prior to mixing with HA(I). These two formulations were recorded as HA(I/II) 
and HA(II/I), respectively. Incubation with HA(II) covalently links the growth factor to 
the HA via imine bonds. The final concentration is: lmg of bFGF, 2mg of HA(I), and 
2mg of HA(II) in 1ml of sucrose buffer without EDTA. Radioactive 125 I-bFGF was used 
as a tracer for the samples prepared for release kinetics study. Viscous hyaluronate 
solution (4%, W/V) containing bFGF (lmg/ml) was used as control. 

For an in vivo rat cranial defect assay, growth factor incorporated HA sponge was 
prepared by diffusion of bone morphogenetic protein (BMP) into pre-dried HA sponge 
(5x4x3 mm.L.W.H.) at the rate of 30 lg per piece of the sponge followed by 
lyophilization. 



Example IX 
Study of release of growth factor in vitro 
A six well format cell culture insert equipped with PET membrane with the pore 
size of 0.4 lm was used for the in vitro bFGF release study. Sodium citrate buffer (20 
mM, pH 5) containing sucrose (9%) and EDTA (ImM), and DMEM cell culture medium 
were chosen as release media. Then 40 mg of each sample (HA (I/II), HA (II/I), HA 
sponge and control, as described in Example VIII) with 2.0 ml of medium were placed in 
the wells, another 4.0 ml of medium were added to the outside chamber. The plates were 
mounted on an orbital shaker platform and shaken at 37C constantly. The release 
medium in the outside chamber was counted for radioactivity by a liquid scitillation 
counter (Beckman, LS 6500) at desired time points and refreshed. About 68, and 90% of 
incorporated bFGF were released from HA viscous solution into the DMEM cell culture 
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medium in 4 hours, and 8 hours, respectively. The remaining bFGF was released in one 
more day. After incubation for 4 hours, 8 hours, and 24 hours, about 62, 78, and 88% of 
the encapsulated bFGF in HA (I/II) was released, respectively. The remaining bFGF was 
released completely in another two days. The type of release medium seems to have no 
effect on the bFGF release rate. For HA (II/I) gel, only 16, 25, and 30% of incorporated 
bFGF was released from the gel to sucrose buffer after incubation for 4 hours, 1 day and 
2 days, respectively. The remaining bFGF was released for 2 more weeks. When 
DMEM cell culture medium was chosen as the release medium, only 13, 15, and 17% of 
bFGF released from HA (II/I) for the same time period, and 20% of bFGF still remained 
in the gels after 2 weeks incubation when the experiment was terminated. 

EXAMPLE X 
Subperiosteal Injection In Rat Calvaria 
Six week old male Sprague Dawley rats received 50 il injections under the 
periosteum of the left parietal bone of samples described below. After 14 days, calvaria 
were harvested and processed for histological evaluation. The parietal bone thicknesses 
are given below. 

Parietal bone thickness, urn 
(mean ±SD, n = 6) 

No treatment 259 ± 30 

HA gel 276 ± 94 

HA (I/II) + lmg/ml bFGF 45 1 ± 97 

HA (II/I) + 1 mg/ml bFGF 523 ± 8 1 

1 mg/ml bFGF in buffer 350 ±35 

1 mg/ml bFGF in solution HA 281 ± 30 
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